Background: Fire scars are the primary source of physical evidence used to date past fires around the world, and to estimate parameters of historical fire regimes and fire-climate relationships. Despite an increase in studies about historical fire regimes and the relationship between fire and climate, these studies are still limited for Mexican forests. Our goal was to characterize the historical fire regime in two sites with different elevations, to assess changes in fire frequency, and to determine the relationship between fire regimes and climate patterns in a conifer-dominated forest in the Upper Nazas watershed of the Sierra Madre Occidental, Mexico. We were able to cross-date 50 fire-scarred samples of Pinus arizonica Engelm., P. strobiformis Engelm., P. teocote Schlecht. & Cham., P. durangensis Martínez, and Pseudotsuga menziesii (Mirb.) Franco and identify a total of 596 fire scars. Results: Evidences are compelling evidences on forest fires occurred frequently in the study area, starting in the mid eighteenth century and through the mid twentieth century. The season of fire occurrence was determined for 560 (94%) fire scars. Most fire scars at both of our sampling locations, found at low and high elevation sites, occurred in the spring (525, 93.8%) and only 6.2% occurred in the summer. The mean fire interval and Weibull median fire interval values were < 10 years for all fire-scar filter (all samples, ≥10% and ≥ 25%), and the average per-sample fire interval was < 25 years. Conclusions: Our results suggest fire frequency has changed over time at our study site, becoming less common and less extensive since the 1950s. In addition, extensive fires occurred in dry years as indicated by low precipitation, negative NIÑO 3 Sea Surface Temperature (SST) values, and negative Palmer Drought Severity Index (PDSI) values. Fire frequencies must be maintained within the amplitude of their historical regime, with the objective of reducing the risk of severe fires and preserving ecological and hydrological benefits in the watershed.
Introduction
Forest fire regimes, specifically fire return intervals, frequency, extent, and seasonality, vary over space and time at many scales. Thus, wildfire dynamics have often been related to variations in climate (Swetnam and Betancourt 1990; Heyerdahl and Alvarado 2003; Fulé et al. 2005; Skinner et al. 2008) . Large and intense fires are commonly linked to dry years caused by global and regional scale climate-forcing mechanisms such as the El Niño Southern Oscillation (ENSO), among others (Heyerdahl and Alvarado 2003; Fulé et al. 2005; Skinner et al. 2008; Cerano-Paredes et al. 2010; Yocom et al. 2010) . Increasing our understanding of the spatial and temporal connections between fire events and climate variability at various time scales is important to generate information to improve management strategies, such as fire suppression or prescribed burns, among other treatments (Falk et al. 2011 ).
Years associated with fire activity appear to result from complex interactions between the phasing of ENSO in the North American mediterranean climatic region (Taylor and Beaty 2005) . Fire activity has also been linked to wetter conditions in years preceding fire events (Swetnam and Betancourt 1998; Swetnam and Baisan 2003; Taylor and Beaty 2005) . This could be due, in part, to an increased productivity of herbs and grasses in response to greater water availability, which causes the accumulation of fine fuels that facilitate fire spread (Swetnam and Betancourt 1998) . In recent decades, fire histories have been developed for sites located in the Sierra Madre Occidental Covington 1997, 1999; Heyerdahl and Alvarado 2003; Fulé et al. 2005; Drury and Veblen 2008; Cerano-Paredes et al. 2010; Molina-Pérez et al. 2017 ) and the Sierra Madre Oriental (Yocom et al. 2010 (Yocom et al. , 2014 , but additional fire history studies are needed to better understand the fire-climate relationship in other forested areas of Mexico, such as the Upper Nazas watershed.
Our study sites were located in the upper watershed of the Nazas and Aguanaval rivers, in northwestern Mexico, from which surface runoff is stored in the Lazaro Cardenas Reservoir (Sánchez-Cohen et al. 2018) . The forested headwaters of the Upper Nazas yield nearly 90% of the water in the basin, which is used for agriculture and industry, as well as other activities, by a population of over one million people in the Comarca Lagunera, located in the lower watershed (Loyer et al. 1993) . Changes in forest structure, composition, and dynamics, due to fires or other land-use changes, affect water availability and quality, as well as groundwater recharge (Bruijnzeel 1990; Myers 1997) .
Studies in other parts of the world, including Asia (Schweithelm 2005) , Brazil (Costa 2005) , North America (Daily 2000; Aylward 2005) , and Mexico (Descroix et al. 2004; Manson 2004) , link forest vegetation in the headwaters to the provision of different ecosystem services at the basin level. Processes in the Upper Nazas invariably have repercussions in the lower part of the watershed, and its forests play an important regulatory role, controlling the quantity and timing of water flow, protecting soils from erosion and fertility loss, while preventing sedimentation and bank degradation (Descroix et al. 2004) . However, there is a paucity of information concerning the fire history of the forests of the headwaters of the basin, which is important to provide managers with a technical basis for the development or fine-tuning of fire prevention and management programs.
The objectives of this study were: 1) to characterize the historical fire regime in two sites set at different elevations within the Upper Nazas watershed, 2) to assess temporal changes in fire regimes at these two sites, and 3) to determine the relationship between fire regimes and climate patterns within these coniferous forests. We aimed to provide insights for land managers that work in the region with information generated to answer the following questions:
1. What was the seasonality, frequency, and extent of historical fires at these sites? 2. Did fire regimes change in the twentieth century at the study sites? 3. Did climate variation influence the historical fire regime at the study sites?
Methods

Study area
The study area, Ciénega de la Vaca, is found in the municipality of Tepehuanes, within the Mexican state of Durango (Fig. 1) . The Upper Nazas watershed is part of Hydrological Region 36, which encompasses the Nazas and Aguanaval rivers, and has a surface area of 18,321.6 km 2 and a perimeter of 1162.1 km (INEGI 2018) . The Upper Nazas watershed is part of the Sierra Madre Occidental, the longest and most continuous mountain system in Mexico. This range is approximately 1160 km long and 200 km wide, and extends from the México-US border to west-central Mexico, between the extreme coordinates 30°35'N to 21°00'N, and − 109°10'W to − 102°25'W (González-Elizondo et al. 2012) .
Conifers such as Pinus arizonica Engelm., P. strobiformis Engelm., P. teocote Schlecht. & Cham., P. durangensis Martínez, and Pseudotsuga menziesii (Mirb.) Franco are abundant elements of forests in the study area (Farjon et al. 1997; González-Elizondo et al. 2012) . The predominant climate is classified as sub-humid temperate type with summer rains (Cw; García 1987) . Annual mean precipitation ranges between 470 and 500 mm; winter precipitation accounts for 12.8% (60 mm) of the annual total, while summer precipitation accounts for 78.5% (369 mm) of the annual total. Mean annual temperature is 10°C, with a high monthly mean temperature of 30°C (May or June); the monthly low mean temperature occurs in January (IMTA 2009).
Field work
We sampled two sites at different elevations: a low elevation site (LS), located between 2560 and 2680 masl, and a high elevation site (HS), located between 2860 and 2930 masl (Table 1 ). The sampled area at the LS was 50 ha, and at the HS was 25 ha. We selected the study sites based on presence of old trees and availability of remnant wood, in order to build the longest possible tree-ring record (Fig. 2) . Intensive logging in past years at HS did not allow us to find live trees with fire scars, limiting our sampling to dead material, which affected the sample depth. At LS, we sampled fire-scarred trees from live and dead specimens (including logs, snags, and stumps) using a chainsaw to cut cross-sections. We selected samples from well-preserved old trees with visible fire scars (Arno and Sneck 1977) ; young trees with few scars were also included to ensure that the fire history extended up to the present. In some instances, several fire-scarred sections were collected from one tree and later combined for the analysis at tree scale. All fire-scarred sections were transported to and processed at the Laboratorio de Dendrocronología, at Instituto Nacional de Investigaciones Forestales Agrícolas y Pecuarias, Gomez Palacio, Durango.
Laboratory methods
Fire-scarred samples were sanded with progressive grains to highlight cell structure under a microscope with 10 to 30× magnification. Calendar years were assigned to tree rings using a combination of visual cross-dating of ring widths, other anatomical features of the ring, and cross-correlation of measured ring-width series (Stokes and Smiley 1968) . We used an existent Pseudotsuga menziesii ring-width chronology from the Nazas watershed for cross-dating purposes (Cerano--Paredes et al. 2012) . Ring widths for all samples were measured using the Velmex system (Robinson and Evans 1980) and quality-dating verified with the COFE-CHA program (Holmes 1983) . The season of fire occurrence was estimated based on the relative position of each fire lesion within the annual ring according to the following categories: Early Earlywood (EE), Middle Earlywood (ME), Late Earlywood (LE), Latewood (L), and Dormant or ring boundary (D) (Dieterich and Swetnam 1984; Baisan and Swetnam 1990) . The intra-ring locations were grouped into two categories for further analysis: 1) spring (EE + D) and 2) summer (ME+LE + L) (Fulé and Covington 1999; Grissino-Mayer 2001) .
Fire history data were analyzed using the FHX2 software, version 3.2 (Grissino-Mayer 2001). Analysis for each site started with the first year that had an adequate sample depth, defined as the first fire year recorded by 10% or more of the total number of recording trees at each elevation site . Recording trees were those with open fire scars or those that were affected by other injuries, such as lightning scars, leaving them susceptible to repeated scarring by fire. The last date for the analysis was 2008, since it showed the last complete ring before sampling. Fire data analysis Fire return intervals were described using three filters: all scars, ≥10% scarred, and ≥ 25% scarred. These filters were used because the all-scar filter involves every single fire year recorded in the sample set, but not all the fires that burned the sites are present, as pointed out by Farris et al. (2010) . The ≥10% filter eliminates years with the most minimal scarring, but still represents a relatively high estimate of fire frequency; the ≥25% filter is widely used as an estimate of fire frequency, which assumes that those fires were relatively large (Swetnam and Baisan 1996) . Fire interval distributions are typically non-normal, so we fit Weibull models to the empirical fire-interval distributions and tested for adequate fit. We then calculated the Mean Fire Interval (MFI), Minimum and Maximum Fire Interval (MinFI and MaxFI, respectively), and Weibull Median Probability Intervals (WMPI) for each site (Grissino-Mayer et al. 1994; Swetnam and Baisan 1996) .
Fire-climate Relationships
We used Superposed Epoch Analysis (SEA) to examine the relationship between fire occurrence and climate by using three climatic series (Baisan and Swetnam 1995; Grissino-Mayer and Swetnam 2000) : 1) a reconstructed winter to spring precipitation (1599 to 2008, 410 yr., Cerano-Paredes et al. 2012), 2) reconstructed NIÑO 3 SST indices (December to February, 1408 February, to 1978 Cook 2000a) , and 3) the reconstructed Palmer Drought Severity Index (PDSI), grid point #63 (1690 to 1978), the nearest one to the study area (Cook 2000b ). The SEA is a statistical method that compares climate data with fire dates by superposing windows of concurrent and lagged climatic conditions for each recorded fire (Swetnam 1993; Grissino-Mayer 2001) .
For each fire year, we used average annual climate conditions during fire years, for five years prior to the fire year, and two years after the fire year. We compared precipitation, ENSO, and PDSI indices with the occurrence of all fires regardless of size, as well as widespread fires that scarred at least 10% and 25% of recording trees for the two sites. We completed these analyses for the entire period that had an adequate tree-ring record (1739 to 2008). Significant climate departures were identified as those exceeding 95, 99 and 99.5% confidence intervals by bootstrapping (1000 trials, Grissino-Mayer 2001) through Monte Carlo simulations.
To identify possible interrelationships between the NIÑO 3 SST index and the reconstructed winter-spring precipitation index, Wavelet Coherence Analysis (WCA) was carried out with MATLAB 6.5 (MathWorks 2002) . This analysis allows one to determine the wavelet coherence, which is a kind of correlation, between the two signals in both time and frequency domains. In addition, we used the Mexican Drought Atlas (Stahle et al. 2016 ) to generate maps displaying climatic conditions during the largest fire years.
Results
We collected a total of 68 fire-scarred samples from four species: Pinus arizonica, P. strobiformis, P. teocote, and Pseudotsuga menziesii; 46 of the samples were taken from LS and 22 from HS. Most trees (74%) consisted of dead material (snags, logs, or stumps); the remaining samples (26%) came from living trees ( Table 2) . Of the 68 fire-scarred trees, 50 (74%) were successfully crossdated, revealing 596 fire scars (Table 3) . Cross-dating of 18 (26%) fire-scarred trees was not possible due to decayed wood, presence of very compressed rings, or an insufficient number of rings that inhibited reliability. Fire extent, frequency, and seasonality Two of the more recent fires occurred in 1982 and 1998 at the LS. The last fire was recorded in a single tree, suggesting a small fire. The earliest fires occurred in 1582 and 1584 at HS, and 1696 and 1699 at LS (Fig. 3) . The first widespread fire recorded at both sites occurred in 1729. In addition, 12 other widespread fires occurred, the last one in 1951.
Fire frequencies were reduced drastically following 1951, particularly extensive fires that burned ≥25% of the scarred trees. For example, no extensive fires (≥25% scarred) were recorded from 1951 to 2008 (a 57-year interval) at the HS site. Meanwhile, at the LS site, intervals without extensive fires (≥25% scarred) took place from 1951 to 1982 (31-year interval) and 1983 to 2008 (26-year interval) (Fig. 3) .
Fires were frequent in the Upper Nazas watershed over the past centuries (Table 4) : for all scars (combining both sites, periods 1739 to 1982 and 1739 to 1954), the MFI and WMPI were < 3 years. For extensive fires (≥25% scarred), the MFI and WMPI were generally between 7 to 9 years and 6 to 8 years, for LV and HS, respectively. Averages of per-tree fire intervals were all between 15 to 17 years regardless of the site. For small fires, the minimum fire-free intervals were 1 to 2 years. Although LS and HS are several kilometers apart (Fig. 1) , fire dates in many years were synchronous across sites (Fig. 3) . Widespread fires occurred consistently from 1729 to 1951; both sites (LS and HS) recorded fires during the same years in 1729, 1807, 1818, 1854, 1886, 1890, 1901, 1904, 1927, and 1951 .
We determined seasonality of 560 (94%) fire scars (Table 3 ). The most common seasonal position was EE (525 scars, 93.8%), followed by ME (33 scars, 5.9%), and LE (2 scars, 0.4%). Fire scars were not found in the dormant (D) or latewood (L) seasons (Table 3) .
Fire-climate relationship
Results from SEA analyses indicate that years in which more extensive fires occurred were dry and preceded by wet years (Fig. 4) . These results are indicated by a significantly lower winter to spring precipitation on the actual fire year (P < 0.01 for ≥10% filter, and P < 0.05 for ≥25% filter; Fig. 4b, c) . In addition, observed precipitation was significantly greater than normal one year prior to the fire year (P < 0.01 for all scars filter, P < 0.05 for ≥10% filter, and P < 0.001 for ≥25% filter). The SEA also showed that extensive fire years occurred when NIÑO 3 SST indices were negative (Fig. 5) . The NIÑO 3 SST indices were significantly dry (P < 0.01 for ≥10%, and P < 0.05 for ≥25% filters; Fig. 5b , c) during extensive fire years. Moreover, significantly positive NIÑO 3 SST indices suggest that one year (P < 0.05 for ≥10% filter; Fig. 5b ) and four years prior to the fire year, conditions were relatively wet (P < 0.05 for ≥25% filter; Fig. 5c ). The SEA also indicates that extensive fires occurred when PDSI values were negative, which means severe drought (P < 0.05 for both ≥10% and ≥ 25% filters; Fig. 6b, c) . In addition, PDSI maps for the years 1818, 1854, 1890, 1901, 1951, and 1982 show that these years were characterized by dominant dry conditions (Fig. 7) .
Wavelet coherence analysis
To support the climate-ENSO relationship, we conducted a wavelet coherence analysis. The results suggest that winter-spring precipitation in the study area is strongly (P < 0.05) modulated by the ENSO phenomenon. Significant areas of coherence were found for the period from 1600 to 1978 at frequencies of 1 to 14 years (Fig. 8) .
Discussion
With what seasonality, frequency, and extent did surface fire formerly burn?
Forest fires occurred frequently in the study area from the mid eighteenth century to the mid twentieth century. Most of these fires (> 90%) occurred during the early spring. The general estimated MFI and WMPI (3 to 8 years) for both sites are similar to fire reconstructions for pine-oak forests in different locations in the Durango portion of the Sierra Madre Occidental, where Covington (1997, 1999) , Heyerdahl and Alvarado (2003) , and Drury and Veblen (2008) reported MFI and WMPI values that range from 3 to 6 years. Fulé et al. (2005) and Cerano-Paredes et al. (2010) observed similar fire intervals (3 to 5 years) in Chihuahua's Sierra Madre Occidental. A majority of fires in this study appear to have burned in the spring or during early wood development (525 fires, 93.8%), suggesting that it is likely that they took Fig. 3 Fire history chart for the low-elevation site and the high-elevation site along the elevation gradient on the Upper Nazas watershed for the period 1575 to 2008. Date is on the x-axis, horizontal lines represent each sample, vertical black lines represent fire scars, and the gray lines show widespread fires affecting both sites. The pink band indicates a long period (50 years) with low fire occurrence, while the blue band indicates low fire variability that started 100 years ago at the high-elevation site place before the start of the rainy season, with only a few fires recorded in the summer (35 fires, 6.2%). Thus, we concluded that, in this region, the onset of the summer rains causes surface fuels to be too wet to burn, while annual species begin to green up, restricting fire spread; this has been recorded in other parts of the Sierra Madre Occidental (Heyerdahl and Alvarado 2003) . Fire-scar evidence suggests that forest fires in the Sierra Madre Occidental, historically, have occurred during the dry spring, when lightning is common, providing an ignition source for fine fuels, which are often dry at that time of the year (Douglas et al. 1993; Heyerdahl and Alvarado 2003) .
Did the fire regime change in the twentieth century?
Our results indicated that a large shift in fire frequency and extent occurred after 1950; fire-free intervals during this span were the longest in the last 300 years for each site. The trend of frequent, synchronous fires was altered in the mid twentieth century at both sites, which we attribute to land-use changes and not to a change in climate. The primary reason for fire exclusion in northern Mexico is believed to be land-use change, especially increased livestock grazing, associated with land redistribution following the Mexican Revolution (Fulé et al. 2005) . These results are consistent with those presented by Covington (1997, 1999) , Heyerdahl and Alvarado (2003) , and Cortes-Montaño et al. (2012) for other regions of the Sierra Madre Occidental. These authors identified fire regime changes or fire exclusion starting in the mid twentieth century. Several authors (e.g., Covington 1997, 1999; Kaib 1998; Heyerdahl and Alvarado 2003) have proposed that changes in land use-the construction of rural roads for cattle grazing and logging at high-elevation sites, and the development of rain-fed agriculture at lower elevation sites-affected fuel continuity that may have resulted in fire frequency changes. Although these land uses have a long history in the study area, their impact has increased greatly since the 1970s (Descroix et al. 2004 ).
Did climate variations influence the historical fire regime?
Climate dynamics have historically influenced the occurrence and extent of fires in the forests of Ciénega de la Vaca, as evidenced by the strong relationship found between widespread fires and the regional reconstructed precipitation, ENSO 3 SST indices, and PDSI values. It has been widely recognized that the ENSO pattern is the most important driver of seasonal and interannual climatic variability at global, regional, and local scales (Wolter and Timlin 2011) . Our results suggest that ENSO has modulated seasonal precipitation in the study area in the past 400 years, which we corroborated with the WCA analysis (1400 to 1978). Moreover, they align with those of Stahle et al. (1998 ), Magaña (1999 , and Cerano-Paredes et al. (2011) regarding the influence of ENSO on interannual and multiannual precipitation variability in northern Mexico, where the warm phase of the oscillation (El Niño) produces above-normal winter rains, while the cold phase (La Niña) favors dry conditions (Magaña et al. 2003; Caso et al. 2007 ).
Our results show that frequent fires occurred between 1700 and 1954 in Ciénega de la Vaca. Extensive wildfires were probably influenced by ENSO, particularly in its La Niña phase, while the El Niño phase tended to produce wetter conditions, leading to greater production of fine fuels, which dried out during subsequent dry years, allowing fires to start and spread out over larger areas. This wet-and-dry cycle probably increased the probability of extensive fires in the region (Drury and Veblen 2008) . Fig. 3 . a all fires, b fires with ≥10% scarred trees, and c fires with ≥25% scarred trees. The fire year is indicated by 0. The horizontal line in each panel marks significant departures based on bootstrapped confidence intervals (dotted = P < 0.05; dashed = P < 0.01; solid = P < 0.001) Dry conditions, as determined by PDSI indices, could also be related to the frequency of forest fires at the study site. Historically, extensive fires occurred when PDSI values were negative, suggesting that the area was undergoing severe drought. Although we did not find a significant link between PDSI and antecedent conditions for extensive fires, the preceding high PDSI values (wet conditions) presented a positive relationship (Fig. 6) , and the antecedent precipitation was highly significant (Fig.  4) . There is a clear link between antecedent moisture one (Figs. 4 and 5) and two years (Fig. 6 ) preceding a fire, which leads to greater production of fine fuels, and dry conditions during subsequent dry years, and fire presence (Figs. 4, 5, and 6 ).
Management implications
Our data support the hypothesis that wildfires were relatively frequent in our study site, similar to the findings of studies in other parts of North America such as southern Arizona, USA (Iniguez et al. 2016) , southwestern Colorado, USA (Brown and Wu 2005) , and northern Colorado, USA (Brown et al. 2015) . It is likely that fires have played an important role in conifer forest dynamics in the Upper Nazas, where fire regimes were similar at different elevations (LS, HS). This could indicate that extensive fires have affected the entire altitudinal gradient, implying an influence of climate on the spatial synchrony of fire occurrence. Fire regimes reflect a complex interplay of bottom-up and top-down controls (Lertzman et al. 1998 ). Bottom-up controls include local variations in topographic, fuel, and weather factors at the time of a burn. Climate is the primary top-down control of fire regimes, acting largely through inter-annual regulation of biomass production, fuel moisture, and regional ignition patterns. Top-down regulation leads to spatial and temporal synchrony in fire occurrence .
A significant change in fire frequency occurred in the watershed after the 1950s, perhaps related to land-use changes. This has increased the risk and susceptibility of these forests to maintain forest dynamics, hydrological functions, forest productivity, and other ecosystem services. This change in fire frequency is not exclusive to the study area; studies in other locations of the Sierra Madre Occidental, in the states of Durango and Chihuahua, have reported similar changes in fire frequency since the 1950s Covington 1997, 1999; Heyerdahl and Alvarado 2003; Cortes-Montaño et al. 2012) . In other sites, the greater amplitude in fire frequency intervals has resulted in an increase in quantity and continuity of fuel loads (White and Vankat 1993; Skinner et al. 2008) . This, in turn, could favor larger and more severe fires in the future, which will have greater capacity for ecological and socioeconomic damage.
Pseudotsuga menziesii was part of the forest at the LS site, where some trees have survived numerous low-intensity fires over 400 years (Cerano-Paredes et al. 2012 ). This species is subject to special protection (SEMARNAT 2010) and could be in danger of disappearing in the Upper Nazas if stand-replacing fires occur.
Management recommendations
At the site level, a restoration goal for decision makers in the Upper Nazas watershed is to recover ecological conditions similar to those produced by historical fire frequencies, which could be accomplished by reintroducing surface fires to reduce current fire intervals to ranges like those determined by this study (3 to 8 years).
The significant influence of ENSO on the modulation of climatic variability in this region, as well as its influence on fire frequency, indicates that future ENSO cold phases may increase the risk of severe fires in this ecosystem. The increasing availability of weather information from buoys and satellites in the tropical Pacific, where the evolution of the ENSO phenomenon is monitored, allows us to have more precise knowledge of its behavior and derive models to predict its intensity. These forecasts, paired with region-specific knowledge of historical fire regimes, could allow us to advance management strategies in order to mitigate the impact of shifting trends on fire behavior at multiple scales.
Conclusions
Our results demonstrate a clear link between antecedent moisture one and two years preceding a fire, which leads to greater production of fine fuels, and dry conditions during subsequent dry years, and fire presence. Moreover, a significant change in fire frequency Fig. 7 Drought maps from the Mexican Drought Atlas (Stahle et al. 2016) . The maps show dominant climatic conditions for the years 1818, 1854, 1890, 1901, 1951, and 1982 , in which more trees were scarred by fires at the studied site at Ciénega de la Vaca, Durango, Mexico. JJA = June, July, August occurred in the Nazas watershed after the 1950s has increased the risk and susceptibility of these forests to maintain forest dynamics, hydrological functions, forest productivity, and other ecosystem services. Understanding historical fire regimes is fundamental in designing strategies for conservation and sustainable forest use. Fire frequencies must be maintained within the amplitude of their historical regime with the objective of preserving ecological benefits, reducing the risk of severe fires, and, consequently, supporting the adequate functioning of the ecological and hydrological processes taking place in the watershed. Then, our results on historical fire regimes are essential information for land managers and decision makers who are responsible for preserving these ecosystems and preventing potentially severe, catastrophic wildfires. Fig. 8 The Wavelet Power Spectrum (Morlet) for Ciénega de la Vaca, Durango, Mexico, for the period from 1600 to 2000: a the reconstructed winter-spring precipitation time series and b the NIÑO 3 SST (December to February) time series, and c the wavelet coherence between both series. Black thick contours indicate the 95% significance level using the red noise model, and the cone of influence is shown as a lighter shade. Vectors indicate the relative phase relationship between the NIÑO 3 SST and the reconstructed precipitation (horizontal arrow pointing right and left imply in-phase and antiphase relationships, respectively) Funding This research was possible thanks to funding provided by the Inter-American Institute for Global Change Research (IAI). Project CRN #2047 "Documenting, Understanding and Projecting Changes in the Hydrological Cycle in the American Cordillera," which was in turn funded by the US National Science Foundation (Grant GEO-0452325), and SEP-CONACYT through the project "Estudio de la relación clima-incendios en el norte-centro de México."
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